Introduction
Rheumatoid arthritis (RA) is an autoimmune disease characterized by persistent destructive synovial inflammation contributing to progressive tissue damage 1,2 and irreparable joint damage. 3 RA has a global prevalence of 0.24% and contributes substantially to worldwide disability. 4 The economic costs of RA are also substantial: for example, the estimated annual cost per patient in Spain ranged from US $7914 to $12,922 (in 2001) , with national annual costs estimated at more than $2 billion. 5 The introduction of tumor necrosis factor-a inhibitors (anti-TNFs) improved outcomes for many RA patients, particularly those who did not respond to submit your manuscript | www.dovepress.com
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aletaha et al conventional synthetic disease-modifying antirheumatic drugs such as methotrexate. Anti-TNFs improve RA signs and symptoms, inhibit radiographic progression, and have been found to be cost-effective for patients with moderateto-severe RA. 6 Treatment strategies investigating the possibility of anti-TNF dose tapering or withdrawal among patients achieving disease control are gaining popularity in order to optimize the benefits compared to the risks with respect to factors such as the high costs of biologics and patient preferences. 7 In one example, the National Health Insurance Administration of Taiwan mandated RA patients taper anti-TNFs after 2 years of disease control followed by withdrawal after 1 additional year if control is maintained. 8 In a more recent case, the Spanish Rheumatology Society and Hospital Pharmacy Society published a consensus statement that careful dose tapering could be undertaken in most patients with RA. 9 Although these guidelines suggest tapering or withdrawing anti-TNF therapy after patients achieve disease control, patients do usually relapse after withdrawal 9 and few data are available describing the clinical or economic implications of these strategies. The objective of this study is to assess, from the Spanish health care payer's perspective, the health economic and clinical impact of withdrawing, tapering, or maintaining anti-TNF treatment in RA patients who have achieved stable disease control.
Methods
Model structure
We constructed a 5-year Markov model with a 1-month cycle length to estimate the health care costs and time to loss of disease control associated with anti-TNF maintenance, dose tapering, or withdrawal. These 3 treatment strategies were compared in 4 different scenarios that vary by the type of RA patient modeled (early [within 3 years of diagnosis] or established) and the model entry criterion (having achieved disease remission [28-joint count Disease Activity Score, DAS28 < 2.6] or low disease activity [LDA; DAS28 < 3.2] at baseline). The model does not consider patients' specific duration of disease control below these thresholds due to lack of robust scientific data on this topic. Given the availability of published evidence, this study focuses on the anti-TNFs adalimumab (ADA), etanercept (ETA), and infliximab (IFX).
Patients enter the model with controlled disease ( Figure 1 ). At the end of each monthly Markov cycle, patients undergoing any of the 3 treatment strategies either retain or lose disease control (defined as loss of DAS28 < 2.6 or DAS28 < 3.2, depending on patients' model entry criteria). Upon loss of disease control, patients undergoing tapering or withdrawal are modeled to reinitiate the full dose of their original anti-TNF, after which disease control may be achieved again. For all treatment strategies, it was assumed that those who regained disease control remain in control until the end of the model. Patients who did not regain Figure 1 Markov model structure. Notes: Patients entering the model in disease control withdraw from all treatment, reduce treatment dose, or maintain treatment. in each monthly cycle, disease control may be lost, at which point they will resume treatment and then potentially regain disease control. Abbreviations: ADA, adalimumab; DAS28, 28-joint count Disease Activity Score; ETA, etanercept; IFX, infliximab; LDA, low disease activity. 
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Outcomes of dose reductions of anti-TnFs upon achieving stable disease disease control within the model horizon were not modeled to subsequently augment or change therapy.
Model transition probabilities
Within the 3 treatment strategies, separate monthly probabilities of loss of disease control were estimated for each anti-TNF (ADA, ETA, and IFX), RA patient type (early or established), and model entry criterion (remission or LDA). To supplement recent systematic reviews of anti-TNF withdrawal studies, 7, 10 we conducted a literature search in PubMed to identify clinical studies published from January 2010 to October 2014 that examined the time to loss of disease control after withdrawal, dose tapering, or maintenance with ADA, ETA, or IFX. The search terms used for the review were (spac* OR stop* OR cessation OR reduc* OR tapering OR "dose reduction" OR discontinuation OR "dose de-escalation" OR " and American College of Rheumatology (ACR) conference abstracts from the years 2011-2014 were also searched using the keywords taper, spaci, reduc, discont, contin, withdr, low dis, remissio, stop, dos, cessation, and escalat.
Data on time to loss of disease control were synthesized within a meta-analytic regression model to determine the monthly probabilities upon withdrawal, tapering, or maintenance for each anti-TNF, RA patient type, and model entry criterion. Most studies provided aggregated cohort-level data of the proportion of patients who lost disease control at various follow-up times; 1 study provided the length of time prior to loss of disease control for individual study subjects. To meta-analyze the available data, we assumed the time to loss of disease control followed a Weibull or exponential survival distribution. We analyzed fixed-effect and random-effects models for both distributions; the fixed-effect exponential distribution was found to be most appropriate for the available data set. This analysis was conducted within a Bayesian framework executed in WinBUGS software (The Medical Research Council, Cambridge, UK, and Imperial College of Science, Technology and Medicine, London, UK), 11 which allowed the underlying exponential parameter to be estimated from cohort and individual patient data. Another advantage to this methodology is that results can be adjusted for treatment strategy, anti-TNF, RA patient type, and model entry criterion, and can generate outcomes for combinations of patient and treatment characteristics even when not observed in the clinical studies.
Meta-regression results were the monthly hazard of losing disease control for the reference case (ADA, treatment withdrawal, early RA, and LDA model entry criterion) and the hazard ratios associated with other covariates. Estimated monthly hazards were converted into monthly probabilities using the following formula: probability = 1 − exp (−hazard).
Fewer data were available to estimate the probability of regaining remission/LDA after reinitiation of treatment following initial loss of disease control. These reinduction data were analyzed similarly, but were unadjusted and assumed to be constant for all treatment strategies, RA patient types, and anti-TNFs.
Cost data
Total costs for the months spent in each health state were calculated for 4 combinations of scenarios: early or established RA and patients entering the model with remission or LDA. A PubMed literature search was performed to obtain disease and treatment costs in Spain, using the search terms (rheumatoid arthritis) AND DAS* AND (cost or econ*) and the search period January 2004 to October 2014. Abstracts from ACR and EULAR conferences were also searched from the year 2011 onward using the same keywords. Because this model is from the Spanish payer's perspective, we considered only direct medical costs of disease and treatment and did not include indirect costs such as lost work or productivity.
Spanish costs of disease for patients in remission (DAS28 < 2.6), LDA (DAS28 ≤ 3.2), and flare (DAS28 > 3.2) were obtained from a study by Beresniak et al 12 that estimated RA treatment costs in Spain by the level of disease activity (remission: €48.69, LDA: €57.77, and flare: €1012.68). Costs considered included rheumatologist and other specialist visits, general practitioner visits, laboratory tests, hospitalization, imaging, physiotherapy, surgery, medical transportation, and nursing. Monthly anti-TNF drug costs were based on labeled dosages in Spain. All costs are expressed in 2014 Euro.
Results
Published literature
Fourteen published trials including 2309 patients using 1 of the 3 anti-TNF agents of interest were identified (Table 1) . 2, [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] Eight studies evaluated ETA, 4 ADA, 1 IFX, and 1 all 3 antiTNFs. Most of the studies included established RA patients. Five studies required achievement of LDA (DAS28 < 3.2) for submit your manuscript | www.dovepress.com
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aletaha et al treatment withdrawal or tapering, whereas 9 studies required achievement of remission (DAS28 < 2.6). One study used both definitions in respective subgroups and evaluated them separately. One study that reported data using the DAS44 withdrawal criterion was excluded. 28 Follow-up time ranged from 6 to 24 months. Only 3 studies reported outcomes after treatment reinduction that was followed by loss of disease control. Other studies evaluating dose tapering and/or withdrawal were identified but were excluded as the data were not reported with sufficient detail to be used in our analysis.
Time to loss of disease control
Analysis of the published data revealed the adjusted risk of losing disease control upon dose tapering or maintenance of antiTNFs was less than half compared to treatment withdrawal (Table 2) . Patients with established RA had significantly higher risk of losing disease control than patients with early RA. Further, risk of losing disease control with ETA was 
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Outcomes of dose reductions of anti-TnFs upon achieving stable disease found to be significantly higher than ADA, irrespective of the treatment strategy. Thus, the withdrawal strategy was associated with the fewest number of months until loss of disease control, followed by taper and maintenance. Established RA patients had fewer months until loss of disease control than early RA patients, and patients on ADA had longer time to loss of disease control than ETA or IFX (Figure 2) . Upon treatment reinitiation after loss of disease control, the time to regain remission or LDA was estimated to have a monthly probability of 22% and was assumed equal for all patients.
health care costs
Patients whose anti-TNF treatment was withdrawn incurred the lowest overall 5-year health care costs, followed by patients whose doses were tapered or maintained; however, withdrawal was only marginally lower compared to tapering (Figure 3 ). Established RA patients had higher total costs than early RA patients across all treatment strategies. ADA was associated with the lowest costs in the withdrawal and taper strategies, but the highest cost in the maintenance strategy. The proportion of total costs due to anti-TNFs was similar across the 3 treatments, but was lowest for withdrawal and highest for maintenance.
Discussion
Through a meta-regression of the published evidence, our model found that patients whose anti-TNF (ADA, ETA, or IFX) treatments were withdrawn or tapered incurred lower 5-year health care costs but had worse clinical outcomes than patients who maintained. Further, the marginally lower costs incurred by withdrawal compared to dose tapering were offset by substantially less time to loss of disease control. We found that irrespective of entering the model in remission or the LDA state, early RA patients incurred lower health care costs and had a longer time to losing disease control upon withdrawal or tapering of anti-TNFs compared to established RA patients. This finding indicates a higher feasibility of withdrawing or tapering anti-TNFs in early RA patients compared to established RA patients. Nonetheless, the risk-benefit of anti-TNF dose tapering or withdrawal over maintenance should be carefully examined in both early and established RA patients, as treat-to-target recommendations suggest remission and remission or LDA as clear targets for RA treatment in patients with early or long-standing disease, respectively. 29 Both early and established RA patients who entered the model in remission lost disease control upon withdrawal or tapering in less time than patients who entered the model in LDA. This may seem counterintuitive, as one may expect patients who have achieved a deeper level of response to maintain that response longer, but the definition of losing disease control for each of these model entry criteria must also be considered. Specifically, for patients entering model at DAS28 > 2.6, the definition of losing disease control is DAS28 > 2.6 and patients entering at DAS28 < 3.2 do not lose disease control until they reach the DAS28 > 3.2 threshold. Thus, the time to loss of remission (DAS28 > 2.6) is expected to be shorter, resulting in a higher calculated risk of losing disease control. Although not within the scope of this analysis, we also assessed the model results when the model entry criterion was DAS28 < 2.6, but loss of disease control was defined as loss of LDA (DAS28 > 3.2). As expected, the overall time to loss of disease control was longer, and overall costs were lower compared to the scenario where both model entry and loss of disease control were DAS28 < 2.6. However, the relative differences among the treatments and the treatment strategies remained the same. Data in our model included a compilation of all available published evidence describing the proportion of patients who attained remission or LDA but subsequently lost disease control following treatment withdrawal, dose tapering, or maintenance. One advantage of our model's meta-analytic regression analysis is that we were able to estimate outcomes for patient combinations not directly studied in clinical trials. One limitation of such analysis is that it assumed an exponential distribution for the time to loss of disease control. Individual patient data are needed to test the validity of this assumption. However, this was provided by only 1 study of 13 patients, too few to make reasonable conclusions. In addition, other factors such as duration of remission and patient age could be important predictors of relapse after attaining disease control. To properly account for these factors, patientlevel data -which were unavailable for most trials -would have been required, since these data vary on the patient level and not the study level.
Two important reasons for dose tapering or withdrawing anti-TNFs fall outside the scope of our model. First, patient preference is a key factor to consider when evaluating the benefits of these 2 strategies. Patients who experience burdensome side effects or those who wish to reduce their medication burden due to other comorbidities may highly value the ability to reduce or withdraw anti-TNF treatment. Although the primary focus of our study was based on cost estimations, it is important to mention that patient preference will be an additional and key determinant of the decision to go with 1 of the 3 strategies. For example, patients who are responding well may be less willing to continue chronic medication, given the potential risks and side effects of therapy. Second, patients may have worse quality of life upon losing disease control, and the value of maintaining disease control should include the willingness to pay to avoid this adverse health state. The magnitude of these patient preferences is currently unknown, and studies should be conducted to understand how tapering and withdrawing biologics affects patients' quality of life.
In any case, frequent switches between disease control and flare-ups may be associated with higher risk of structural progression of disease. 30 The data presented here represent the point estimate of the costs and number of months in disease control over a 5-year period. We did not estimate patients' health utility on or off treatment, so no quality-adjusted life years (QALYs) were generated to estimate if treatment withdrawal or tapering were cost-effective strategies. Nor did we calculate the cost per month in RA remission, as there is no generally accepted willingness-to-pay threshold for a remission month, as there is for an additional QALY (eg, €30,000 in Spain). 31 Patient age and occupational status will likely influence the overall costs of each strategy, and possibly also to a different extent. Taken together, these results should be interpreted as guidelines to the potential effects of anti-TNF withdrawal, tapering, or maintenance strategies, and not as absolute declarations of value.
When evaluating the relative costs of anti-TNFs vs the costs of the increased likelihood of losing disease control over a 5-year time horizon, the model could not include 
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Outcomes of dose reductions of anti-TnFs upon achieving stable disease any potential long-term differences in outcomes associated with dose tapering or withdrawal. Even after disease control is regained upon treatment reinitiation, long-term damage may have occurred during the loss of control period, which could not be accounted for in this model. Our model is from the health care payer perspective and, as such, includes only direct costs and no productivity costs. Indirect productivity costs may increase during periods of lost disease control due to increased pain-related presenteeism or absenteeism. Thus, the true cost of loss of disease control may be more than modeled here.
In conclusion, compared to maintenance of anti-TNFs, dose tapering or withdrawal in patients with early or established RA results in reduction of health care costs but less time in sustained disease control.
